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NOTE ON THE CHEMISTRY OF MUSCLE. BY ARTHUR
WHITFIELD, M.D., Medical Registrar, King's College Hospital.
(From the Physiological Laboratory, King's College, London.)
PREVIOUS investigators have shown that nucleo-albumin is the most
important proteid obtainable from many cellular tissues and organs
(lymph glands, thymus, liver, kidney, testis, etc.). In the light of this
work it appeared necessary to find out whether muscle contains any
nucleo-albumin.
The only previous research at all bearing upon this question seems
to be that of Kossell, who states that adenine, a base derived from
nuclein, cannot be obtained from muscle, from which it appears, he
states, that muscular fibres have lost not only the morphological
characteristics of cells to a great extent, but also some of their chemical
distinctions.
In the recent work of Chittenden and Cummins2 on the com-
position of myosin, no search appears to have been made for phosphorus.
Kuhne and Chittend en3 further state that myosin leaves a considerable
residue after digestion with artificial gastric juice. This residue is only
partially soluble in pancreatic juice but it was not further investigated.
Accordingly, at Professor Halliburton's suiggestion, I attempted to
find an answer to the following questions:.
(1) Is myosin a nucleo-albumin?
(2) If not, does muscle yieid'any nucleo-albumin ?
(3) Does muscleryield any proteose (albumose) or peptone ?
The third question is not connected with the first two. It, however,
appeared necessary to investigate this point afresh, because, although
1 Zeit. physiol. Chem. x. (1886), 248.
2 Studies from the Laboratory of Physiological Chemistry of Yale University, Vol. iII.
(1887-8), p. 115.
3 Ibid. p. 147.
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Halliburton' stated at one time that one of the proteids of muscle
plasma is a proteose, better methods have been recently introduced
which render the solution of this difficult question easier.
The answer to all three questions was found to be in the negative.
I append illustrative experiments. The grounds for this conclusion
may be briefly stated as follows:-
(1) Myosin is not a nucleo-albumin; because:
(a) It contains no appreciable quantity of phosphorus in its
molecule. (Experiment 3.)
(b) On gastric digestion, only an insignificant residue is ob-
tained, and this contains no phosphorus. (Experiment 1.)
(c) On being injected into the circulation of a living rabbit, it
produces no intravascular coagulation. (Experiment 2.)
(2) Muscle contains no nucleo-albumin becauise, after gastric
digestion, it yields only an insignificant residue and this contains no
appreciable quantity of phosphorus. (Experiment 4.)
(3) Devoto's modification of the ammonium sulphate method
for the detection of proteoses and peptone, and also the trichloracetic
acid method with the modification of filtering hot as suggested by
Martin2, show that proteoses and peptone are absent. (Experiment 5.)
EXPERIMENT 1.
The skeletal muscles of a dog having been first well washed in 8itU,
immediately after the death of the animal by flushing the vascular system
with 065%/o salt solution, were finely chopped and thrown into thymolized
water for further washing. The water was frequently changed until the
washings gave only a faint turbidity with nitrate of silver. The washed
muscle was then extracted with 150/0 ammonium chloride solution for two
days; the usual opalescent solution thus obtained was filtered through paper
and the myosin precipitated by saturating the filtrate with sodium chloride.
This precipitate was collected, dissolved in a small quantity of water and
reprecipitated by throwing into a large bulk of water. This latter precipitate
was found to be very difficult to separate and it was found that separation
could be effected much more easily after the addition of a small quantity,
about one-sixth of the whole fluid, of alcohol.
The precipitate thus collected was thoroughly washed with boiling alcohol
to remove lecithin and then washed with water slightly acidulated with
1 On muscle plasma." This Journal, Vol. viii. (1887), p. 197.
2 C. J. Martin. Ibid. xv. (1893), p. 378.
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hydrochloric acid to wash away phosphates. The pure myosin thus obtained
was then dried and weighed and found to be 2-038 grammes in weight.
The dried myosin was finely powdered and digested with artificial gastric
juice and only a very insignificant deposit was left at the end of about forty-
eight hours' digestion. This deposit was carefully collected and tested for
phosphorus as follows:
The deposit was first heated on a water-bath with strong nitric acid for
some hours until a clear yellowish fluid was obtained, more nitric acid being
added to supply the loss by evaporation. The fluid thus obtained was
evaporated down somewhat and then a small quaiitity of distilled water and
pure sulphuric acid added and evaporation continued until carbonization
took place. More nitric acid was then added, little by little, until a perfectly
clear and almost colourless solution was obtained. The solutioni thus prepared
was further heated on a water-bath with nitric acid and ammonium molyb-
date but gave only the faintest yellow colour and none of the characteristic
yellow precipitate after some hours' treatment.
EXPERIMENT 2.
Some of the purified myosin before the addition of the alcohol was
dissolved in 100/0 sodium chloride solution and injected into the jugular vein
of a rabbit with the result that, although the animal died after the injection
of 30 c.c., no clotting was found within the vascular system. There was also
none of the characteristic exophthalmos which is a marked symptom when
thrombosis occurs after injection of nucleo-albumin.
The animal was anasthetised with ether, and this experiment was kindly
performed for me by Dr Brodie.
EXPERIMENT 3.
Another sample of myosin was prepared from the muscles of the hind legs
and back of a rabbit.
The method used was the same as that followed in the first case, except
that gastric digestion was not performed. 2-587 grammes were tested for
phosphorus by the above method. Only a slight yellow coloration of the
fluid took place as before and there was no yellow precipitate.
EXPERIMENT 4.
The muscles of a rabbit's back and hind legs were again selected and after
having been carefully cleaned were chopped up and subjected to artificial
gastric digestion in flasks for several days, the clear fluid being filtered off and
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any precipitate being carefully washed back into the flasks with fresh artificial
gastric juice.
So treated the muscle only gave a very inconsiderable residue, which,
when collected, washed with hot alcohol and dried weighed 0317 gramme,
about half-a-pound of fresh muscle having been originally taken.
The residue was again tested as before for phosphorus but no precipitate
was formed and only the slight yellow colour as noticed previously.
EXPERIMENT 5.
To determine the presence or absence of peptone and proteose in muscle
the following procedure was adopted.
A large quantity of rabbit's muscle was taken immediately after the death
of the animal and finely chopped and placed in a large pestle and mortar with
some 0.650/0 sodium chloride solution. The muscle was then pounded up
for a considerable time and the liquid part of the mass strained off and
filtered.
The liquid so obtained was then divided into three parts. To the first
part an equal volume of 10°/o solution of trichloracetic acid was added to
precipitate the ordinary proteids and the fluid filtered hot. The filtrate did
not give the biuret reaction nor any precipitate with nitric acid and with the
xanthoproteic test only a faintly yellow colour.
To the second part trichloracetic acid was added as before but the fluid
was filtered cold and submitted to the same tests with the same results.
The third part was saturated with ammonium sulphate, boiled and
filtered; the filtrate contained no proteid and therefore peptone was absent.
The precipitate on the filter was then extracted with hot water to dissolve out
proteoses should any be present. But these were absent, as the extract gave
none of the proteid tests.
May 8, 1894.
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